Data are available on figshare with the DOI [10.6084/m9.figshare.4616350](http://dx.doi.org/10.6084/m9.figshare.4616350).

Introduction {#sec005}
============

Nigeria's Maternal Mortality Ratio (MMR) declined from an estimated 1,350 maternal deaths per 100,000 live births in 1990 to an estimated 814 maternal deaths per 100,000 live births in 2015.\[[@pone.0170739.ref001]\] Recent data indicate that national MMR estimates remained largely unchanged between 2010 and 2015. There were an estimated 58,000 maternal deaths in 2015. Nigeria had 2.5% of the world's population, yet accounted for 19% of the global burden of maternal mortality.\[[@pone.0170739.ref001]\]

In 2013, 64% of women in Nigeria delivered their most recent babies at home. In such a setting, mothers do not typically have access to lifesaving uterotonics. A sub-population of these women who deliver at home, do so alone, with no one present (NOP).\[[@pone.0170739.ref002],[@pone.0170739.ref003]\] In 2013, women who delivered with NOP accounted for an estimated one million births in Nigeria.\[[@pone.0170739.ref004]\]^,^\[[@pone.0170739.ref005]\] Women that cannot, or do not, gain timely access to facility-based skilled care have a greater risk of dying from PPH or other life-threatening causes of avoidable maternal mortality.

Between 2003 and 2009, PPH was globally estimated to account for over 19% of maternal deaths. In Sub-Saharan Africa, an estimated 15.2% of all maternal deaths were directly attributable to PPH.\[[@pone.0170739.ref006]\] The majority of PPH events and deaths could have been averted through the "prophylactic use of uterotonics during the third stage of labor."\[[@pone.0170739.ref007]\] Oxytocin is the preferred uterotonic. When oxytocin is unavailable, the World Health Organisation (WHO) recommends the use of "other injectable uterotonics ... or oral misoprostol (600 μg)."\[[@pone.0170739.ref007]\] Recent studies have confirmed that misoprostol is not inferior in performance to oxytocin as a uterotonic.\[[@pone.0170739.ref008]\] In 2006, Nigeria was the first country to approve the use of misoprostol for PPH prevention in community settings. Misoprostol was included in the 5^th^ revision of the national essential medicines list in 2010.\[[@pone.0170739.ref009]\]^,^\[[@pone.0170739.ref010]\] The WHO confirmed the inclusion of misoprostol with the 18^th^ revision of the WHO List of Essential Medicines.\[[@pone.0170739.ref011]\]^,^\[[@pone.0170739.ref012]\]

Misoprostol, which is heat stable, of low cost and easy to administer orally, has been proposed as the best way to administer a uterotonic in deliveries that occur outside of health facility settings.\[[@pone.0170739.ref013]\] One such route, community-based distribution, has shown that misoprostol can be safely and appropriately administered by community health workers.\[[@pone.0170739.ref014],[@pone.0170739.ref015]\] Community-based distribution has also been associated with decreased prevalence of PPH among misoprostol users.\[[@pone.0170739.ref015]--[@pone.0170739.ref020]\] Based on evidence from pilot studies on community-based distribution, the WHO now recommends that trained lay health workers may be utilized to administer misoprostol to prevent PPH. \[[@pone.0170739.ref021]\]

While useful as platforms to establish proof of concept, pilot studies are limited in informing "how" to take programs to scale in real-world settings. Specifically, operational issues uniquely associated with at-scale implementation may not be uncovered nor are they sufficiently well understood in pilot settings. We posit that a better understanding of community distribution efforts at scale is best informed by insights and experiences obtainable from operations in real-life settings, conducted at scale.

This paper is a companion to an earlier publication on the roll-out and scale up of chlorhexidine digluconate 7.1% gel for the prevention of newborn cord infection in Sokoto State.\[[@pone.0170739.ref022]\] Although misoprostol and chlorhexidine were distributed together, in one program, to mothers and their newborns as a dyadic unit, a separate treatment of misoprostol is warranted for a number of reasons. First, unlike chlorhexidine, its adoption imposed unique program design considerations prompted by Islamic leaders' reconciliation of newly learned information about the benefits of misoprostol in the prevention of PPH with fears that the medicine could also be used as an abortifacient early in pregnancy. Second, unlike the chlorhexidine paper, we focused on a two-year period to test for early signals of changes in community demand which could serve as a more robust measure of community acceptance. Third, although misoprostol was nationally approved for community-based distribution in Nigeria, its use is still confined to health facilities. We posit that a paper that specifically discusses experiences with its use at scale, could likely contribute much needed insight for scale-up efforts elsewhere in Nigeria, Sub-Saharan Africa and globally.

Objectives of paper {#sec006}
-------------------

Between 2010 and 2015, the United States Agency for International Development (USAID)-funded Targeted States High Impact Project (TSHIP), managed by JSI Research & Training Institute, Inc. (JSI), provided technical support to the Sokoto State Government to initiate and expand community-based delivery of misoprostol statewide, at scale. We highlight the critical programmatic steps undertaken to secure community trust and ownership. We also share tools developed and the approaches used to monitor misoprostol distribution and related maternal outcomes. Early lessons learned and results are presented.

The program setting {#sec007}
-------------------

Sokoto State is situated in the northwest corner of Nigeria, bordered by Birnin Kebbi State to the southeast and Zamfara State to the south. It shares international borders with the Benin Republic to the west and Niger Republic to the north.\[[@pone.0170739.ref023]\] The population of the state in 2013 was estimated to be just over 4.6 million.\[[@pone.0170739.ref024]\] In 2009, the MMR in Sokoto State was estimated to be 1,500 deaths per 100,000 live births.\[[@pone.0170739.ref024]\] In 2008 and 2013, 95% of women in Sokoto State reported having delivered their most recent child at home.\[[@pone.0170739.ref025],[@pone.0170739.ref026]\] In 2013, 84% of women reported that they were assisted by a traditional birth attendant; 8% were assisted by family members. \[[@pone.0170739.ref026]\] In 2013, more than 80% of women still reported non-use of antenatal care in a most recent pregnancy.\[[@pone.0170739.ref026]\]^,\ 3^ Although there are no direct estimates of the burden of PPH in Sokoto State, a recent study in Bauchi State in Northeastern Nigeria---similar in socio-economic profile to Sokoto State---found that 23% of women in primary level care centers and 41% of women at secondary level care and higher facilities, suffered from PPH. In the study, PPH accounted for 19% of deaths due to direct complications at primary level care facilities, and to 9% of deaths in secondary level care or higher facilities.\[[@pone.0170739.ref027]\] The use of misoprostol in the Sokoto State context has been limited to health facility settings, as a substitute for oxytocin. Heretofore, its use in home-based deliveries was precluded by the absence of a system for community-based distribution at the household level.

Developing the at-scale, community-based, misoprostol distribution system {#sec008}
-------------------------------------------------------------------------

In May 2012, TSHIP consulted with Sokoto State Ministry of Health (SMOH) and the Ministry of Local Government (MOLG) and Chieftaincy Affairs, to introduce and facilitate an at-scale community distribution of misoprostol. At the time, the MOLG was responsible for the management of health personnel and primary health centers and dispensaries. The MOLG also supervised Local Government Council leaders, and had direct access to district and ward heads that managed ward development committees (WDC). The SMOH oversaw the delivery of services in secondary level facilities. The SMOH also played a role in technical training of health workers based in primary level centers. This fragmentation of the health sector by the division of labor between the MOLG and the MOH, was a legacy of Sokoto State government's initial lack of progress in the implementation the primary health care-under-one-roof (PHCUOR) policy. The PHCUOR policy of the National Primary Health Care Development Agency (NPHCDA), was designed to unite all primary health care under the State Primary Health Care Development Agency (SPHCDA). Sokoto State adopted PHCUOR through an act of legislation in early 2016.

In October 2012, the Sokoto State government funded and procured 56,832 doses of misoprostol from the Nigeria office of Marie Stopes International.\[[@pone.0170739.ref028]\] This was the first recorded instance of government financing of misoprostol use for community distribution in Nigeria. In 2014, the Sokoto State government procured an additional 56,000 doses of misoprostol.\[[@pone.0170739.ref029]\]

Gaining community trust {#sec009}
-----------------------

In an environment still beset by mistrust associated with polio vaccination campaigns, several steps were carefully taken to gain community trust and pre-emptively quell potential misinformation about misoprostol.\[[@pone.0170739.ref030],[@pone.0170739.ref031]\] The MOLG consulted with all 244 WDC chairmen who were briefed on PPH and neonatal mortality and newborn cord infections. The chairmen were briefed on the program steps and the roles of each set of actors including WDC chairmen, Local Government Area (LGA) and state government ministries. The MOLG also worked with the influential and trusted Nigeria Aid Group (NAG), the charity arm of Jama'atu Nasril Islam (JNI), Nigeria's largest Islamic non-profit organization. Leaders and members of NAG/JNI include district heads, hospital-based physicians and nurses, Islamic clerics, and community health extension workers. Its leadership was already aware of the importance of misoprostol to prevent PPH. NAG/JNI leaders conveyed their support for the program to all 23 LGA Council chairmen in the state, with district heads, imams and clerics in mosques and at wedding celebrations and baby naming ceremonies. Men were specifically targeted in these advocacy efforts as husbands' approval---in the Sokoto State context---is required prior to wives' acceptance to use medicines.

Whilst there was strong support to use misoprostol to prevent PPH, community leaders were already aware it could be used in much larger quantities, to terminate pregnancy. To preemptively ensure that misoprostol was used only for PPH prevention, and to gain the support of male heads of households, community leaders insisted in the creation of a volunteer community drug keeper (CDK). The introduction of CDK, a "satisfice" decision, made misoprostol acceptable to traditional leaders for community-based distribution. The CDK, almost always a man, was chosen by the WDC on account of being trustworthy, reliable, and available twenty-four hours a day, to release medicines on demand. CDK were also required to be able read, write and keep simple records. The agreed-upon criterion to dispense misoprostol was verbal notification by a family member or the community-based health volunteer (CBHV) that a woman was in labor. Notwithstanding the risks of likely additional delays in delivering misoprostol by the added CDK layer, it was determined that it was better to have a distribution on demand program, with its flaws, than none at all. Each of the 244 wards in Sokoto had 5 CDKs. Among the 1220 CDK's selected throughout the 244 wards, 33 (2.7%) were female. [Fig 1](#pone.0170739.g001){ref-type="fig"} presents the flow of commodities from the state level to the community level.

![Pathway to community based distribution of misoprostol in Sokoto State.](pone.0170739.g001){#pone.0170739.g001}

Each WDC chairman proactively watched for early signs of community opposition or misinformation, and regularly held facts-based discussions with affected male heads of households.

Investing in the community distribution system {#sec010}
----------------------------------------------

A cadre of CBHVs were identified and trained. The CBHV concept was guided by the Ward Minimum Package of Services guidelines of the NPHCDA.\[[@pone.0170739.ref032]\] Selection criteria were formulated by community leaders to appoint CBHVs. These included being female, being respected by the community, being resident in the ward where they would work, and having a record of dependability. In 2012, 2,440 all-female CBHVs were selected and trained on counseling, the delivery of 18 key health messages ([Table 1](#pone.0170739.t001){ref-type="table"}), and simple technologies such as oral rehydration therapy. They were also trained to counsel and demonstrate the proper use (dosage and timing of administration) of misoprostol; this was a part of the maternal health package. CBHVs also actively promoted facility-based delivery.

10.1371/journal.pone.0170739.t001

###### CBHV messages to pregnant women transmitted through pictorial counselling cards.

![](pone.0170739.t001){#pone.0170739.t001g}

  -------- -----------------------------------------------------------------------------------------------------------------------------------------------
  **1**    Importance of antenatal clinic attendance for pregnant women
  **2**    Importance of screening tests, including HIV in pregnancy
  **3**    Importance of intermittent preventive therapy for malaria in pregnancy using Sulphadoxine-pyrimethamine tablets
  **4**    Importance of skilled attendance in labor and postpartum care
  **5**    Importance of an insecticide-treated net and how to use it at home
  **6**    Types of food, importance of an adequate and balanced diet in pregnancy, and vitamin A supplementation for children
  **7**    The importance of iron and folic acid during pregnancy
  **8**    Importance of using misoprostol tablets after delivery of the baby and how to use it
  **9**    The importance of chlorhexidine gel for cord care and how to apply it on the cord; Avoiding use of potentially harmful substances to the cord
  **10**   The care for low birth weight babies with Kangaroo care
  **11**   How to prepare the Oral Rehydration Solution (ORS) for diarrheal diseases in children under 5 years, and the importance of ORS.
  **12**   Importance of immunization and when to get them, including the tetanus toxoid for mothers
  **13**   Importance of birth preparedness and emergency plan, including transport for referrals
  **14**   Danger signs in pregnancy, and identification and prompt referral to a health facility if they occur
  **15**   Danger signs in the newborns, and identification and prompt referral to a health facility if they occur
  **16**   The use of artemisinin-based combination antimalarial drugs and how to use the tablets for children
  **17**   Importance of exclusive breastfeeding and how to put baby to breast for optimal growth and weight gain by the child
  **18**   Importance of hand-washing and general hygiene in the home
  -------- -----------------------------------------------------------------------------------------------------------------------------------------------

With commencement of labor, families notified the CBHV who in turn obtained a package of misoprostol from the CDK that was subsequently delivered to the mother. The CBHV was expected to directly observe the mother ingesting misoprostol tablets in the third stage of labor, after the delivery of the baby and prior to the delivery of the placenta. State and LGA authorities strengthened the capabilities of the WDC to manage health and development activities within their jurisdiction. The NPHCDA Ward minimum package specified a central role for WDCs in the governance of health and social sector interventions at the ward level.\[[@pone.0170739.ref032]\] WDCs were trained on rural participatory methodologies to foster community ownership, organizational development, leadership and recordkeeping.

Methods {#sec011}
=======

A simple patient outcome form was designed and used by CDKs and CBHVs, with assistance from facility-based health workers, to collect a limited set of data. This form collected the patient's name, the name of the patient's village, date of delivery, whether or not misoprostol was ingested, and the condition of the mother at birth during the intrapartum period. At 42 days postpartum, data were collected on whether or not the mother was alive. In January 2014 the project also began to collect data on complications, in the intrapartum period, associated with misoprostol ingestion. Data collection was limited to the intrapartum and 42 day postpartum period.

Data were collected at the community level through observation and questioning by the CBHV and transmitted verbally to the CDK, who entered the information into the outcome forms. Monthly review meetings were held with CDKs, CBHVs and health facility leadership staff in each of the wards and inconsistencies in the data were regularly identified and addressed. Collated data from the patient outcome form were collected by TSHIP and each record was double-entered using Epi-Data software. Data were then transferred into STATA® software (version 11.0) for analyses. Both the 2013 and 2014 data were verified by the National Population Commission (NPC) Office of Sokoto State through home visits and a two-step process. First, the status of women listed as dead was double-checked. Next, a 5% random sample of all mothers that had received misoprostol were visited in their homes. There was an observed error rate of 1.6%. Corrections were made to all the affected records in the master database before the analysis.

Within the 2013 cohort of mothers, each woman that died during the 42-day postpartum period was located by name, ward, address and LGA. Maternal deaths were only verified for women who had resided in the intervention LGAs. The WHO-based forms were used to conduct verbal autopsies on each woman confirmed as dead. The first step was to make inquiries about women of reproductive age who may have died of maternal-related causes and may not have been included in the count of deaths. No women were found to be omitted.

After identifying the women, the verbal autopsy process continued with separate meetings with local government and community officials. Thereafter, the CDK was contacted. The CDK identified the residence of the deceased and secured reliable informants. If female participants wanted to be interviewed in their homes, the female researcher would do so. Three medical doctors trained in cause-of-death certification, using International Classification of Disease, Tenth Edition (ICD10) coding, worked independently to determine the causes of deaths.

Ethical clearance for the study was granted by Sokoto Government Health Research Ethics Committee, Nigeria. Informed consent was obtained from all respondents after the purpose of the study was explained and after they understood that they were free to choose not to participate, or withdraw at any time from the study without any risk. JSI's Institutional Review Board (IRB) also granted approval to use the anonymized program data collected in the outcome forms for this analysis.

Results {#sec012}
=======

The 244 WDCs successfully set up by the MOLG commenced a community distribution system that delivered misoprostol through the CBHV/CDK to women who delivered at home throughout Sokoto State. Similarly, community data collection systems that reliably collected maternal death data were successfully installed in all 244 wards. In addition, monthly meetings at the ward level were regularly held in all 244 wards to appraise program performance. Data from two learning periods, April to December 2013 and January to December 2014, were analyzed. Based on official population projections, there were an estimated expected 138,196 live births between April and December 2013. A total of 36,370 mothers or 26.3% of all births received misoprostol via community distribution. The highest period coverage was found in Kware LGA at 50%, the lowest in Isa LGA at 17%. There was an inverse association between LGA population size and their respective percent misoprostol coverage; higher population LGAs had a lower proportion of women receiving misoprostol ([Table 2](#pone.0170739.t002){ref-type="table"}) This negative correlation coefficient (-0.70) is mainly a result of an initial decision by the MOLG, as a demonstration of equal consideration, to distribute equal amounts of misoprostol to all wards in all LGAs by the MOLG, irrespective of the population size of women in need. On the basis of this finding, the MOLG revised its plans and adopted a more equitable distribution strategy in 2014 that was based on population size.

10.1371/journal.pone.0170739.t002

###### Percentage of Births that received Misoprostol in each Local Government Area (LGA) between April and December of 2013.
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  **LGA**        **Total number of mothers reached with Misoprostol**   **Expected Births (April-December 2013)**   **Percentage of births covered**
  -------------- ------------------------------------------------------ ------------------------------------------- ----------------------------------
  Binji          1,338                                                  4,304                                       31.1%
  Bodinga        1,223                                                  6,432                                       19.0%
  Dange Shuni    1,616                                                  7,030                                       23.0%
  Gada           1,723                                                  9,637                                       17.9%
  Goronyo        1,760                                                  7,095                                       24.8%
  Gudu           1,988                                                  4,264                                       46.6%
  Gwadabawa      1,874                                                  8,792                                       21.3%
  Illela         1,511                                                  4,798                                       31.5%
  Isa            1,018                                                  5,994                                       17.0%
  Kebbe          1,092                                                  5,305                                       20.6%
  Kware          2,137                                                  4,315                                       49.5%
  Rabah          2,259                                                  5,692                                       39.7%
  Sabon Birni    2,375                                                  7,223                                       32.9%
  Shagari        1,482                                                  6,169                                       24.0%
  Silame         1,684                                                  3,956                                       42.6%
  Sokoto North   1,568                                                  8,361                                       18.8%
  Sokoto South   1,658                                                  7,418                                       22.4%
  Tambuwal       1,537                                                  8,361                                       18.4%
  Tangaza        1,648                                                  3,965                                       41.6%
  Tureta         947                                                    2,671                                       35.5%
  Wamakko        1,237                                                  6,065                                       20.4%
  Wurno          1,452                                                  6,145                                       23.6%
  Yabo           1,243                                                  4,204                                       29.6%
  Total          36,370                                                 138,196                                     26.3%

Correlation between expected number of births and percentage of births covered: -0.70.

There were 190,467 expected live births between January and December 2014. Of these, 34,612 mothers received misoprostol through community-based distribution, equivalent to 18.2% of all births in Sokoto State in 2014 ([Table 3](#pone.0170739.t003){ref-type="table"}). The highest rates of coverage were found in Kware and Tureta LGAs, each with coverage rates of over 30% of mothers reached ([Table 3](#pone.0170739.t003){ref-type="table"}). Although attempts were made to distribute misoprostol more equitably in 2014, a negative correlation between the number of eligible women in each LGA and the percentage of misoprostol consumption persisted (correlation coefficient: -0.67).

10.1371/journal.pone.0170739.t003

###### Percentage of Births that received misoprostol in each Local Government Area (LGA) in 2014.
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  **LGA**        **Total number of mothers reached with Misoprostol**   **Expected Births (Jan.-December 2014)**   **Percentage of births covered**
  -------------- ------------------------------------------------------ ------------------------------------------ ----------------------------------
  Binji          1,280                                                  6,001                                      21.3%
  Bodinga        853                                                    8,830                                      9.7%
  Dange Shuni    2,224                                                  9,630                                      23.1%
  Gada           2,147                                                  13,316                                     16.1%
  Goronyo        2,040                                                  9,812                                      20.8%
  Gudu           1,401                                                  6,009                                      23.3%
  Gwadabawa      1,206                                                  12,115                                     10.0%
  Illela         1,547                                                  6,454                                      24.0%
  Isa            1,600                                                  8,317                                      19.2%
  Kebbe          860                                                    7,439                                      11.6%
  Kware          1,774                                                  5,811                                      30.5%
  Rabah          2,079                                                  7,851                                      26.5%
  Sabon Birni    2,458                                                  9,835                                      25.0%
  Shagari        1,355                                                  8,543                                      15.9%
  Silame         1,383                                                  5,448                                      25.4%
  Sokoto North   1,215                                                  11,828                                     10.3%
  Sokoto South   1,213                                                  10,207                                     11.9%
  Tambuwal       1,079                                                  11,482                                     9.4%
  Tangaza        1,208                                                  5,394                                      22.4%
  Tureta         1,125                                                  3,694                                      30.5%
  Wamakko        1,346                                                  8,225                                      16.4%
  Wurno          2,075                                                  8,466                                      24.5%
  Yabo           1,144                                                  5,760                                      19.9%
  **Total**      34,612                                                 190,467                                    18.2%

Correlation between expected number of births and percentage of births covered: -0.67.

Compared to 2013, misoprostol coverage rates dropped in all LGAs in 2014 with the exception of Dange Shuni, Isa and Wormo ([Fig 2](#pone.0170739.g002){ref-type="fig"}). The decline ranged from less than 2 percentage points in Gada LGA, to 23 points in Gudu LGA. In 7 LGAs, the drop in coverage exceeded 10 percentage points; in 1 LGA, Gudu, the drop exceeded 20 percentage points. Between these two years, the differentials in LGA level coverage were smaller in 2014 relative to 2013. In 2013, the highest coverage was found in Kware LGA (49.5%) and the lowest was found in Isa LGA (17%), a difference of 32.5 percentage points. In 2014, this difference had declined to 21.5%, with Kware LGA (30.9%) having the highest coverage, and Tambuwal LGA (9.4%) having the lowest coverage. In 2013, there was greater variation in the coverage of women, relative to 2014 ([Fig 3](#pone.0170739.g003){ref-type="fig"}). In 2013, differences in coverage between LGAs ranged from 17% to almost 50%. In 2014, this range was much smaller, ranging from 9.4% to 30.5%. Correspondingly, the inter-quartile range (IQR) declined from 13.7% in 2013 to 10.4% in 2014. This indicates that misoprostol was more equitably distributed, by LGA, in 2014 relative to 2013. Median coverage declined from 24% of eligible women in 2013 to 21% of eligible women in 2014.

![Percentage of mother's receiving misoprostol, by LGA in two time periods: April-December 2013 and January-December 2014.](pone.0170739.g002){#pone.0170739.g002}

![Box plots of the percentage of eligible women receiving Misoprostol in each LGA by year.](pone.0170739.g003){#pone.0170739.g003}

In 2013, the number of mothers that received misoprostol in 2013 peaked in August after a sharp rise in May ([Fig 4](#pone.0170739.g004){ref-type="fig"}). There were 3,536 fewer women reached in 12 months in 2014 compared to the 9 month distribution in 2013. In the first three months of 2014, only 197 out of an expected 49,250 mothers received misoprostol. The highest rates of coverage, throughout the project period were in May, June, July and show that between 38% and 42% of mothers, throughout Sokoto State received misoprostol ([Fig 5](#pone.0170739.g005){ref-type="fig"}). There was a fourfold increase in the number of women that received misoprostol in April 2014 compared to the same month in 2013. The percentage of eligible women who received misoprostol peaked in May of 2013 (35.6%) and June of 2014 (42.1%) ([Fig 6](#pone.0170739.g006){ref-type="fig"}). The lowest levels of coverage, in 2013, were found in April, when the rollout of misoprostol commenced; in 2014 the lowest coverage was found in January, when there were difficulties in procuring the drugs. The IQR in 2013 was 12.4%; in 2014 it increased to over 30%. Median coverage declined from 27% in 2013 to 17% in 2014. Coverage of misoprostol by month, corresponded directly to availability of misoprostol. Higher coverage months indicate better supply of the commodity; lower coverage months indicate months in which misoprostol stock-outs occurred.

![Number of mothers reached with misoprostol in Sokoto State between April 2013 and December 2013 and in 2014 in Sokoto State, Nigeria, by month.](pone.0170739.g004){#pone.0170739.g004}

![Percentage of mothers reached with misoprostol, based on monthly expected number of births, in Sokoto State between April 2013 and December 2013 and in 2014 in Sokoto State, Nigeria, by month.](pone.0170739.g005){#pone.0170739.g005}

![Box plots of the percentage of eligible women receiving Misoprostol by month of distribution and year.](pone.0170739.g006){#pone.0170739.g006}

In all, just over 22%, slightly more than one in five mothers, were reached between April 2013 and December 2014 ([Fig 7](#pone.0170739.g007){ref-type="fig"}).

![Percentage of mothers that received misoprostol in each Local Government Area (LGA) between April 2013 and December of 2014.](pone.0170739.g007){#pone.0170739.g007}

Tracking maternal morbidities and maternal mortality in the 2013 cohort {#sec013}
-----------------------------------------------------------------------

Among the women served with misoprostol in the 2013 cohort, 33 reported heavy bleeding and were all transferred to health facilities with community-managed emergency transportation schemes. In the same cohort, there were a total of 11 pre-verified maternal deaths all of which were confirmed as maternal-related deaths by verbal autopsies. [Table 4](#pone.0170739.t004){ref-type="table"} presents the causes and timing of maternal deaths. Eight of the 11 deaths occurred during labor and delivery and the remainder occurred in the postnatal period. Ten of all the deaths occurred at home; the eleventh occurred enroute to the hospital---due to obstructed labor. Three women died prior to the arrival of the CBHV, did not ingest misoprostol, and died of obstructed labor, antepartum hemorrhage and primary PPH. Of the eight women that died and had ingested misoprostol, four died of obstetric hemorrhage, and the remaining died of ruptured uterus, sepsis, eclampsia and acute respiratory infection. Maternal death data among the 2014 cohort was neither collected nor verified during the life of the project.

10.1371/journal.pone.0170739.t004

###### Cause of Death as Determined by Verbal Autopsy, including age, parity timing of death and place of delivery.
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  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
            **Age**   **Parity**   **Timing of Death**            **Misoprostol ingested**   **Cause of Death**                                                                              **Place of delivery**
  --------- --------- ------------ ------------------------------ -------------------------- ----------------------------------------------------------------------------------------------- ------------------------
  MAT001     30       6            During labor and delivery       Yes                       Pregnancy-related death: Intraperitonic haemorrhage\                                            At home
                                                                                             Final diagnosis: Ruptured Uterus---Silent                                                       

  MAT002     40        5           During labor and delivery       Yes                       Pregnancy-related death: Pregnancy Related Sepsis. Likely from premature rupture of membranes   At home

  MAT003     45        7           Within 42days after delivery    Yes                       Obstetric haemorrhage                                                                           At home

  MAT004     30        4           During labor and delivery       Yes                       Pregnancy-related death: Eclampsia + complications                                              At home

  MAT005     27        5           Within 42days after delivery    Yes                       Obstetric haemorrhage                                                                           At home

  MAT006     27        1           During labor and delivery       No                        Pregnancy-related death: Primary Postpartum haemorrhage (PPPH)                                  At home

  MAT007    17         0           During labor and delivery       No                        Pregnancy-related death: Antepartum haemorrhage                                                 At home

  MAT008    25        4            During labor and delivery      Yes                        Obstetric haemorrhage                                                                           At home

  MAT009    40        7            During labor and delivery      No                         Obstructed labor                                                                                On the way to hospital

  MAT0010   35        1            During labor and delivery      Yes                        Other and unspecified maternal CoD: Acute respiratory infection including pneumonia             At home

  MAT0011   20        1            Within 42days after delivery   Yes                        Obstetric haemorrhage                                                                           At home
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Reported misoprostol-related side effects among the 2014 cohort {#sec014}
---------------------------------------------------------------

Among the 34,612 mothers who received misoprostol between January and December of 2014, 98.75% reported no side effects. Of the 434 women reporting side effects, 310 reported only one side effect; 124 women reported two or more side effects. The most common side effect reported was bleeding (n = 185) followed by shivering (n = 177), nausea (n = 157), abdominal cramping (n = 113) and diarrhea (n = 103). These findings are consistent with other studies that have found effects associated with misoprostol are both transient, non-life-threatening and self-resolving.\[[@pone.0170739.ref017]\]

Discussion {#sec015}
==========

The decision by Sokoto State government to finance two consecutive procurements of misoprostol is indicative of its willingness to address the high demand for misoprostol, necessary for the prevention of PPH. It also underscores the crucial role of state governments in the delivery of this low-cost, high-impact medicine. In order to ensure adequate supplies of misoprostol for community-based distribution, more needs to be done so that quantification and pipeline analysis based on demographic data are routinely applied. Although a system for reaching mothers "through the last mile" was set up, at least 70% of mothers that delivered at home did not get misoprostol. Three main factors were likely responsible. The first was the substantial under-supply of misoprostol. Formal forecasting exercises, including pipeline analysis, had recommended a higher number of doses than were procured by the government in both 2013 and 2014.

The second was the inequitable distribution of CBHVs linked with widely dispersed populations in some LGAs that may have missed some mothers.\[[@pone.0170739.ref033]\] The third, also confirmed by a recent study of the program, were delays in the timely release of misoprostol from health facilities to CDK on one hand, and between CDK and women in need, on the other. There were instances of husbands' rejection of the medicines.\[[@pone.0170739.ref033]\] However, the majority of men---community leaders and husbands---strongly endorsed misoprostol distribution across all 244 wards in the state. This strong endorsement was further supported by the visible impact of misoprostol on reducing maternal bleeding, which quite likely, further strengthened community demand for misoprostol. In all, the main constraint in delivering misoprostol to women was likely the inadequate supplies in the pipeline.

The strong community demand for misoprostol was reflected by faster consumption of available medicines in 2014 compared to 2013. This strong demand and acceptance of misoprostol has also been confirmed by another study, and communities highlighted its observed quick-acting effect to stop postpartum bleeding.\[[@pone.0170739.ref033]\] The successful transportation to health centers of 33 women that suffered heavy bleeding, also likely averted PPH-related deaths. Yet, 11 maternal deaths could also potentially have been averted were they referred as well. With a focus on the reduction of preventable deaths, the data underscore the importance of an emergency transport system as a critical component of a community distribution system.

The current misoprostol distribution to the mother initiated by her onset of labor is fraught with delays, and needs to be critically re-appraised. Its alternative, advanced distribution, declined by community leaders, to avert its misuse for termination of pregnancy, requires reconsideration. Community leaders requested for documented evidence, or experience, that advance distribution of misoprostol could be implemented safely without abuse. This topic is a subject that is currently being explored.

The implementation of misoprostol distribution throughout Sokoto State benefitted from the careful use of the Ward Minimum Package on primary health care, to establish the state's at-scale community health sub-system. This scale-up process also tapped into a range of negotiations to secure the trust and agreement of communities and their gatekeepers in the scale-up of and adoption of health interventions. The sensitivities associated with the use of misoprostol are fragile and significant in a conservative Islamic society. Not to have addressed key issues up front in the program design phase with the right sensitives could have caused an outright community refusal of a highly efficacious, lifesaving intervention. The government-led dialogue with community leaders, which lasted for six months ahead of program commencement, helped communities attain a state of readiness to adopt the intervention. It was also crucial that WDC chairmen acted as a rapid response team that respectfully and thoroughly addressed opposition or misinformation when it arose.

Our overall approach to scale up of misoprostol was largely consistent with factors associated with successful scale up outlined in a framework by Simmons, *et al*.\[[@pone.0170739.ref034]\] Their framework identified eleven characteristics such as "clear messages through which the advantages of the innovation are made visible," "adaptation of innovation to local context," "strong diffusion channels," and "systematic use of evidence on the process and outcomes of scaling up." In our context, all 11 characteristics were adequately satisfied. The constraint in scale up was not in the adoption of misoprostol. Rather, it was in the failure in the procurement of supplies to meet demand. Simmons, *et al*. highlighted the need for program scale up efforts to balance demand with supply to ensure quality. In our context, where the government made commitments to finance the regular procurement of misoprostol, not doing so in the face of evidence-related forecasts, suggests gaps in governance. The Simmons, *et al*. framework did not address governance-related lack of performance in program scale-up.

Although Spicer, *et al*. have suggested that scaling up is largely a craft and not a science, our experience provides evidence that securing government and community support is a critical component in bringing programs to scale. \[[@pone.0170739.ref035]\] Government officials had insisted on verifiable evidence as proof of value added and for use to advocate for additional financing. Investing in sound, simple, scientific methods to track primary health care progress, and sharing the findings with decision makers in real time is vital. In our experience this aided dialogue on program sustainability.

While successful community-based misoprostol has highlighted the importance of continuing to provide community-based solutions to improve maternal outcomes, such programs will not by themselves end all preventable maternal deaths. The verbal autopsy findings also underscored the need to continue to advocate for improved emergency transport systems and their use, and improved quality of care in facility-based deliveries for all mothers.

Notwithstanding the focus on misoprostol in this paper, we strongly advocate the integrated approach to the distribution of misoprostol with chlorhexidine digluconate 7.1% gel to mother-newborn dyads. Such program integration requires that community leaders' concerns about misoprostol are anticipated and tackled upfront. We posit that such concerns can be expected to emerge in settings with social norms similar to that of Sokoto State. In this particular setting, the invention of the CDK---a solution that gave communities control of medicines supplies---and permitted scale up, also created problems of harmful delays of medicine delivery to homes. Program managers also need to be prepared to work with communities, using evidence, to understand the unintended consequences of their own program conditions. Although chlorhexidine digluconate 7.1% gel proved not to be controversial, not to have entered into trust-based community dialogue on misoprostol, could also have put chlorhexidine at risk of being rejected as well. In environments beset with fragile trust and high maternal mortality ratios, our documentation of the case of misoprostol will hopefully heighten the need for a keener awareness of such sensitivities by program managers.

Study limitations {#sec016}
=================

The program was designed to implement an intervention at scale to distribute a medicine of proven efficacy. As such, control or counterfactual groups to establish program effect were neither warranted nor of added value. Given that our data were collected in the context of a program setting that was not controlled, it is possible that the CDKs responsible for the data collection may have entered false data, suffered recall bias, kept incomplete records or did not report maternal deaths. The triangulation of information sources, between the CDK, CBHV and facility in-charges, the double data entry and the data quality checks that were undertaken substantially reduced the possibility of bias and incomplete records. To the best of our understanding, there was no reason for CDKs or the CBHVs to intentionally misstate data collected. There were no discernible perverse incentives for them to report inaccurate numbers. All evidence indicates that the CDKs and CBHVs were effective and reliable data collectors. What this experience has shown is that the data necessary to measure impact of an intervention, implemented at scale, can be captured by trained community-based volunteers or workers. Finally, we would argue that in the development of community-based data collection tools, particularly among low-literacy communities, efforts should be made to ensure the evaluation indicators chosen are very few in number, simple and strategic. Simple, clear data collection tools and easy-to-comprehend indicators will increase the probability of accurate documentation at the community level.

Conclusion {#sec017}
==========

To increase the likelihood that no woman dies of a preventable maternal death associated with PPH, community-based distribution of misoprostol in Sokoto State is a key intervention to increase access and use by underserved women. Securing appropriate quantities of misoprostol for community-based distribution requires sustained financial, political, and community support. Lessons learned from the Sokoto State scale up lend credence to the NPHCDA national strategy of the implementation of primary health through a village health worker system. In the end, the success and sustainability of primary health care interventions, implemented at scale, rests on whether impactful results were achieved equitably, and are well documented.
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